Volleyball athletes playing filed motion trajectory aggregation model refers to a group of movement patterns of the volleyball athletes on the playing field, which is usually used to predict the abnormal phenomenon that is occurred in the model. It is difficult for the existing research method to conduct mining on the specific aggregation model accurately and highly efficiently. For this purpose, a kind of athlete trajectory aggregation model mining method based on the spatial temporal features is put forward, which first makes the analysis on the trajectory data by the improved method of Spatial clustering algorithm (SPC), so as to obtain the playing field motion trajectory clustering; Then, by the application of the spatial temporal feature model to replace the method of separate storage for the trajectory data, to carry out real-time observation on the spatial and temporal variation features of the playing field motion trajectory clustering. Experimental results show that, the proposed method is significantly superior to other methods in view of the accuracy and efficiency for the mining of volleyball athlete trajectory aggregation model.
INTRODUCTION
In recent years, with the popularity of the satellite positioning technology, there are a growing number of mobile objects that have been equipped with the satellite positioning system. This technology allows us to gain the access to a huge amount of trajectory data (that is, the often said spatial temporal data), by analyzing these data, it is possible to obtain the behavior of the moving objects. Based on this, a lot of researchers at home and abroad are carrying out mining on the motion model of the moving objects, to provide the road condition analysis, route planning and other services (Kolokolnikov, Huang and Pavlovski, 2013; Fader and Juliano, 2013; Côté and Genest, 2015) .
In order to conduct mining on the athlete trajectory aggregation model through the vast amount of motion trajectory data, flock (Pittam, O'Sullivan and O'Sullivan, 2014) is defined as a set of k time slices of continuous movement, and the group is included in a circular area with fixed size. Flock can be applied in the research of the longest common movement time of a moving object (Evers, Fetecau and Ryzhik, 2015) . It can be seen that: Most of the aforementioned research cannot observe the mobile group with dynamic variation, especially in the environment with the application of stream data. In literature (Schnorr, Huard and Navaux, 2012; Linhart and Skogestad, 2012; Ben Makhlouf and Hamdi, 2014) the concept of athlete trajectory aggregation model and a kind of mobile group detection algorithm is applied for the mining of the aggregation model of the moving object. The aggregation model can be used for the statistics or prediction of the possible accidents and congestion phenomenon that may occur in the traffic system. However, the existing research has only provided the discovery algorithm of the aggregation model, through the analysis of the mobile group in the trajectory data, to discover the athlete aggregation trajectory model. When this method is applied to perform the mining of the aggregation model for a specific time or space, it has to traverse all the trajectory data every time (Lee, Hickman and Tong, 2012; Beg and Rashid, 2013) . For example: When mining is conducted through time, firstly, it needs to extract the required trajectory data for the time, and make clustering to the moving objects in it before carrying out aggregation model discovery. This will cost a lot of time, which in the transportation system cannot be used for the observation of real-time traffic information, and the forecast is a lack of accuracy as well. Some studies (Dai,2014; Huser and Davison, 2014) analyze the position of the moving object in the past, at present and in the future through time series. For example, based on the R tree index structure NDTR-Tree, it is possible to have dynamic index and maintenance for the current and future position of the moving objects. However, these studies only take the mobile location information of a single moving object into account, without the consideration of the change trend of the mobile group; At the same time, due to the strong spatial temporal constraints between all the objects in the mobile group, the traditional data structure cannot fully adapt to the conditions of the spatial temporal constraints for the mining of the aggregation model (Ye, Li, Chen and Xin, 2012; Hill, Sanchez, Evans, Whitten, 2013) .
Aiming at the aforementioned shortcoming, in order to perform mining on specific aggregation model accurately and highly efficiently from the vast amount of trajectory data, this paper proposes a kind of aggregation model mining method based on the spatial temporal features, which core concept is: By the application of the maximal complete sub-graph searching algorithm to retrieve the spatial temporal features constituted by the clustering of playing field motion trajectory clustering, to find out the maximal complete subgraph that meets the condition of the spatial temporal constraints, so as to carry out mining on the aggregation model at a given time or place accurately and highly efficiently, so as to provide tactics analysis and other services for the volleyball athletes.
ATHELTE PLAYING FIELD MOTION TRAJECTORY AGGREGATION MODEL

Mining Method for Athlete Trajectory Aggregation Model
The structure architecture of the method described mainly contains three parts: field trajectory clustering, creation of spatial temporal features and playing field athlete aggregation retrieval.
(1) Playing Field Motion Trajectory Clustering. In this process, firstly the real-time trajectory data is obtained (for example, the playing field athlete trajectory), according to a certain interval of time to divide time slice, and assign the athlete trajectory to the corresponding trajectory snapshot of each time slice;
(2) Creation of Spatial Temporal Features. Extract the information of the playing field motion trajectory clustering to generate nodes, each of which contains information of the playing field athletes that constitute the cluster, and the spatial temporal figures are composed of the nodes generated by the playing field motion trajectory clustering and the edges between them;
(3) Playing Field Athlete Aggregation Retrieval. When a service request is received, according to the requested location or the time feature, search for the maximal complete sub-graph set in the spatial temporal features, and make aggregation validation on the maximal complete sub-graph obtained, if the maximal complete sub-graph in the set meets the spatial temporal constraint of the aggregation, add it to the candidate set, then conduct similarity verification on the candidate set, according to the similarity definition of the aggregation, remove the repetitive or similar items, and obtain the aggregation set (as shown in the third column on the left of Figure 1 ).
Figure 1.Mining Methodology Diagram of Moving Object Aggregation Model
Playing Field Trajectory Clustering
The playing field athlete clustering algorithm adopts a king of spatial clustering algorithm based on density, which searching space is historical and real-time updated trajectory data, and is also what we have called   , DB DB OT . In this paper, we apply an improved SPC algorithm to obtain the playing field motion trajectory clustering. SPC [22] can determine whether a subset is a cluster or not according to the density of the subset of a space set, due to the spatial clustering feature, it is able to detect the cluster of any shape. The improved SPC algorithm is composed of two processes of temporal clustering and spatial clustering. After the motion trajectory database is divided into the snapshot set, it is required to perform spatial clustering for the playing field athlete in each snapshot. It is the Hausdorff distance that is applied in the calculation of the distance between an object and the set, which is widely applied in the calculation formula for the distance between the point and the set in the field of computer vision and image. Given two point sets 1 C and 2 C , the Hausdorff distance   12 , H D C C between them can be defined as the following
Example 1: For the trajectory of 5 playing field athletes as shown in Figure 2 , we use   15 ,..., oo to mark each playing field athlete. Assume that the movement of all objects is only six time slices, the location of object   15 ,..., oo in each time slice is highlighted with black spots in this diagram. The clustering survival time threshold c k is equal to 3, cluster member threshold c m is equal to 2, the size of the distance threshold  is shown in the figure,
U represents a set of the playing field athletes already existed, ' 1 c and ' 2 c are the groups of the temporary playing field athlete cluster already existed, and 1 c and 2 c are the playing field trajectory clustering.
Figure 2. Mobile Object Clustering Diagram
Creation of Spatial Temporal Features
A spatial temporal figure includes limited nodes and edges, among which, the node corresponds to a playing field motion trajectory clustering, and the edge that connects the nodes records the spatial temporal relationship between the clusters. The time and location information formed by the clustering is stored in the corresponding node of the cluster, if the two clusters show in the same or adjacent time slice, there will be an edge between their corresponding nodes, and the weight of the edge is the distance between the two clusters.
Example 2: What is shown in Figure 3 is an example of the spatial temporal figures. As can be seen from the figure, node 1 A has four neighboring nodes, which means that there are four playing field trajectory clusters that are located in the same or adjacent time slice as 1 A . If we set the distance threshold 400   , 3 playing field trajectory clusters that are in the same area as 1 A can be obtained, as shown in the three nodes connected to 1 A with red lines in the figure.
Playing Field Athlete Aggregation Retrieval Algorithm
Find the set of nodes with given spatial temporal constraints (time or location information) from the spatial temporal features, search for the maximal complete sub-graph of each mode in the set, and obtain a maximal complete sub-graph set. In order to reduce the time complexity of the algorithm, this paper makes use of the highly efficient maximal clique search algorithm Bron -Kerbosch to reduce the time consumption of the retrieval, adopts the pruning strategy to reduce the searched space and accordingly puts forward an improved aggregation retrieval algorithm GR +.
Improved Aggregation Retrieval Algorithm GR+ In order to improve the searching efficiency of the maximal complete sub-graph in the process of aggregation retrieval, this paper proposes a highly efficient aggregation retrieval algorithm. According to the features of the searched space, effective pruning strategy is formulated, and an improved algorithm that makes use of the maximal clique search algorithm and pruning strategy algorithm GR+ is proposed.
Figure 3.An Example of Spatial Temporal Feature Diagram
This paper proposes an improved mobile aggregation retrieval algorithm GR +. It first finds out a point set from the spatial temporal features according to the query time of request. Pass this point set to subprocess Pr ocBK , which adopts the BK algorithm to obtain the maximal clique derived from each point in the point set, and assign the set to ' G . Make use of rule 1 to reduce the maximal clique candidate set that requires verification, compare the items that satisfy the condition in rule 1 with the maximal clique after screening, if it is not similar with the maximal clique in '' G , add it to '' G ; For those that do not meet the conditions in the rule 1, directly add into '' G . For each of the maximal clique in the candidate set, verify if its size surpasses the member threshold, if qualified, we test whether the weight of the edge it contains is greater than the distance threshold, in which, if a maximal clique satisfies the pruning rule in rule 2, remove it from the candidate set. If the clique meets the playing field athlete aggregation spatial temporal constraints, add it to the candidates set a G . Example 3: We make use of the example in Figure 4 to give a simple illustration on our aggregation model mining process, in which, the member threshold 3  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5   ' , , , , , , , , , , , , , , 1  2  3  4  5  1  2  3  4  5 , , , , , , , , ,  a G A A A A A C C C C C . (2) Analysis on the Algorithm Performance The original maximal clique discovery algorithm adopted in GR algorithm, for n nodes that meet the temporal or special constraints, need to traverse 2" subsets in the figure, upon the test of each subset, it is required to test   1 / 2  nn edges, and therefore, the time complexity of maximal clique discovery algorithm is   2 2" On . Then, it is required to verify each of the m maximal cliques, to see if the k edges among them meet the requirement of the distance threshold, so as to verify whether this maximal clique can form an aggregation, and the time complexity is   O mk . Finally, the total time complexity of GR algorithm is   2 2" O n mk . In practice, each GR query only needs to traverse the playing field motion trajectory clustering nodes in the spatial temporal features, and does not need to traverse all the trajectory data, hence with relatively higher query efficiency compared with Crowd -TAD. At the same time, the GR + algorithm also makes use of the highly efficient maximal clique retrieval algorithm and the pruning strategy, which makes the time complexity of the retrieval further optimized. Therefore, GR + algorithm is a kind of highly efficient retrieval algorithm.
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EXPERIMENTAL COMPARISON AND ANALYSIS
In order to test the accuracy and efficiency of the athlete trajectory clustering model mining method, we conducted the experiments under a real taxi trajectory data set, and compared with the existing playing field athlete trajectory aggregation model mining algorithm.
Experimental Setup
We use the trajectory data of the real world to verify the accuracy and efficiency of the athlete trajectory aggregation model mining method. The data set contains 752 MB of playing field athlete trajectory data, which is the motion trajectory collected from 100 games in the playing field. In this paper, through the comparison with the Crowd -TAD, the accuracy and efficiency of the proposed method by this paper is illustrated. The experimental hardware platform is 4 core Intel Xeon CPU (2.00 GHz), 16G memory, running Linux operating system, and all then programs are implemented by the application of C++. 
Comparison of Accuracy
First of all, we calculate the number of playing field athlete aggregation. GR has on difference in the accuracy of retrieval compared with GR +, and we hereby choose GR+ algorithm to compare with Crowd-TAD algorithm on the accuracy. In this set of experiment, the default parameter setting is as the following: the playing field athlete database 10357  . Conduct verification for the aggregation similarity after the mining of GR + algorithm and Crowd -TAD algorithm, Figure 4 shows the average similar value of the aggregation in 7 days obtained by the two algorithms.
We extract the aggregation set in 7 days of the week, according to the definition 9, 1 2 1 2 /    sim g g g g is applied to compute the similarity of two clusters 1 g and 2 g , among which, 1 g and 2 g are the same aggregation obtained by GR + algorithm and Crowd -TAD algorithm respectively. As can be found in Figure 4 , the aggregation sets after the mining of the two algorithms have high similarity.
Comparison of Retrieval Efficiency
In this set of experiments, we mainly compare the efficiency with the existing method by changing the aggregation member C , the applied default parameter is the playing field athlete database 10357  . Use 4 kinds of algorithms to conduct efficiency comparison: (a) Brute-force extracts from the trajectory data the trajectory data that contains the required time and location, and form the trajectory snapshot, and the loop trajectory snapshot keeps expanding the playing field athlete clustering group, until the playing field athlete aggregation is discovered; (b) Crowd -TAD extracts all the snapshots from the trajectory data, and retrieves the number of aggregation by the application of Crowd -TAD algorithm according to the time and location; (c) GR algorithm; (d) GR + adopting the improved maximal clique retrieval and pruning strategy implemented GR algorithm. Each experiment randomly selects 100 moments and 100 locations for the retrieval; repeat 10 times and calculate the average retrieval time. It can be seen from the figure that: When g m increases, the running time of both brute-force and Crowd -TAD has a certain degree of increase, however, the running time of GR basically remains unchanged. The main reason is that the implementation of both brute-force and Crowd -TAD requires a large number of loops to traverse the trajectory snapshot so as to search for the clustering group, but GR search is based on the structure of the flow of time and space, no matter how it changes, the running time is only related to the diagram structure. As shown in Figure 5 . It can clearly see that: With the increase of C , the running time of 4 algorithms have increased accordingly, however, the running time of GR algorithm is still far less than the rest of the two algorithms. When the clustering number C increases, it will definitely lead to the scale up of the spatial temporal figures, hence the retrieval time also increases accordingly; At the same time, the number of brute-force and Crowd-TAD traverse will also increase, but GR algorithm still maintains relatively high running efficiency. We can clearly see from the figure that, the running time of GR+ is lower than that of GR. This is because GR + adopts highly efficient maximal clique retrieval algorithm, and the pruning strategy also contributes to the reduction of the searching space. According to this set of experiments, we can see that the GR + algorithm has relatively higher retrieval efficiency. Figure 6 shows the GR algorithms with and without the application of pruning. Adopting the same method as the aforementioned experiment, Figure 6 (a) fixed clustering number C changing threshold g m , the playing field athlete aggregation retrieval time basically remains unchanged with the increase of g m . In Figure 6 (b), the retrieval time is increasing rapidly. We can clearly see from the two figures that, the running efficiency of the GR + algorithm with application of the pruning strategy is significantly higher than the general GR + algorithm. This is because the pruning reduces the search space, thus speeds up the convergence speed of the search. As mentioned earlier, Crowd -TAD algorithm only traverses the adjacent trajectory snapshot of a given time, therefore, its running time basically remains unchanged. GR needs to maintain a spatial temporal feature, therefore, when the clustering number C increases, the time for the updating of the diagram will increase exponentially. As can be clearly seen that the growth rate in the GR time is greater than the Crowd -TAD, but the overall time is still less than that of the Crowd -TAD. In order to avoid the additional time overhead brought by the maintenance of the spatial temporal features to the retrieval, the maintenance of the spatial temporal features are carried out offline, and each time when a new moving snapshot is obtained, it will be transmitted to the offline system, so as not to influence the overall query efficiency.
CONCLUSION
This paper proposes a kind of athlete trajectory aggregation model mining method. This method firstly makes improvement on the SPC, based on the spatial temporal features in the trajectory data to cluster the athletes in the playing field; Then, in order to perform more flexible and highly efficient mining, a spatial temporal feature model is proposed, which is composed by playing field trajectory clustering, which can implement the real-time observation on the changes of the playing field motion trajectory clustering; Finally, this method puts forward a kind of improved aggregation retrieval algorithm according to the features of the aggregation so as to improve the retrieval efficiency. Based on the experimental results of the actual playing field athlete trajectory data, it shows that: Compared with other methods, the athlete trajectory aggregation model mining method proposed in this paper has higher accuracy and retrieval efficiency.
